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Introduction
Soybean (Glycine max (L.) Merrill) is considered the most important legume in the world. In Brazil, soybean breeding programs, from an agricultural point of view, aim to obtain more productive and stable cultivars, also better adapted to the various edaphoclimatic regions, in addition to being resistant to diseases of major economic importance. Several pathogens attack soybeans, being Heterodera glycines Ichinohe or soybean cyst nematode (SCN) one of the main factors limiting the production of this crop. The genetic variability of H. glycines in Brazil has been shown to be higher than that observed in other countries (Asmus et al., 2012) . In this context, several races of this pathogen were found, with emphasis on race 3, one of the most frequent in the several soybean producing regions of Brazil (Santana et al., 2009 ).
In soybean, grain yield, as in other crops, is a complex trait because it results from the expression and association of different components (El-Mohsen et al., 2013) . Therefore, sufficient information about the traits that influence soybean yield is essential.
The knowledge of the correlation between traits is important when it is desired to make a simultaneous selection or when a trait of interest presents a low heritability because this study allows establishing criteria for an efficient Com. Sci., Bom Jesus, v.10, n.1, p.168-175, Jan./Mar. 2019 selection (Silva et al., 2015; Hamawaki et al., 2012; Nogueira et al., 2012; Almeida et al., 2010) .
To verify the correlation between variables, the correlation coefficient or 'r' is used. The r coefficient evaluates only the degree (intensity) and nature (direction) of the association between traits (El- Mohsen et al., 2013) .
Genetic correlations should be more useful than phenotypic correlations in the selection for grain yield because in this case, environmental effects are not considered (Machikowa & Laosuwan, 2011) .
The correlation coefficients, although of great use in quantifying the magnitude and direction of factor influences in the determination of complex traits, do not provide the exact relative importance of direct and indirect effects of these factors, which can be measured by means of the path analysis Alcântara Neto et al., 2011) .
Path analysis was developed by Wright (1921) and consists of the study of the decomposition of the correlation coefficient into direct and indirect effects of traits on a main variable, allowing evaluating whether the relationship between two variables is of cause and effect or if it is determined by the influence of another or other variables (Haghi et al., 2012; Akram et al., 2011) .
Thus, this study aimed to estimate the phenotypic and genotypic correlations between important agronomic soybean traits, in addition to performing the path analysis in order to identify variables for indirect selection aiming at an increasing grain yield.
Material and methods
The experiment was carried out at the (Vianna et al., 2013) . Plowing and harrowing operations were performed before sowing.
Planting fertilization was performed according to crop requirements after previous soil analysis.
The evaluated lines belong to the soybean breeding program of FCVA-UNESP and were obtained and selected in previous cycles for agronomic performance and resistance to the soybean cyst nematode.
The experimental design was a randomized block design with three replicates. traits (Falconer, 1987) , using the t-test to verify if the correlations differed from zero or not.
In the path analysis, the trait grain yield was chosen as the main variable of the multivariate analysis. Therefore, the slice of correlations into direct and indirect effects of the other traits on grain yield was estimated.
To check for multicollinearity in a multivariate data set or correlation matrix, the Montgomery & Peck (1981) classification should be consulted, where NC = number of condition for multicollinearity, which is the division of the largest by the smallest eigenvalue of the data.
Therefore, NC < 100 shows weak multicollinearity (it is not a serious problem), 100 < NC <1000 shows a moderate to strong multicollinearity, and NC > 1000 shows severe multicollinearity, leading to higher complications in the study.
Thus, the degree of multicollinearity of the X′X matrix was established based on its number of condition (NC) (Montgomery & Peck, 1981) . Multicollinearity problems can make the matrix unique, leading the estimates to be unreliable. To attenuate this adverse effect, the system of normal equations is slightly modified by introducing a constant k (value from 0 to 1) on the diagonal of the X′X matrix .
Path analysis can be done from phenotypic, genotypic or environmental correlations. All genetic and statistical analyses were processed using the software Genes (Cruz, 2013) .
Results and discussion
The results of the analysis of variance indicated a good experimental precision due to the reduced coefficients of variation (9.39 to 29.58%). In addition, significant differences were observed between genotypes for the studied traits, except for Ld and AV, with estimates of high heritabilities (between 0.6 and 0.88), i.e. with an accuracy of genotype selection (Ac gen ), which is the square root of heritability (Resende, 2007) , of 77.46 and 93.80%, respectively.
Genotypic correlations were higher than their respective phenotypic correlations for most of the traits (Table 1) , which indicates that strong intrinsic associations are reduced at the phenotypic level due to residual random effects.
Thus, the major contributions in associations between traits are due to genetic causes.
When genotypic correlations are higher than their corresponding phenotypic correlations, this indicates that the phenotypic expression is reduced by the influences of the environment (Chandel et al., 2014; Nogueira et al., 2012; Machikowa & Laosuwan, 2011; Almeida et al., 2010; Showkat & Tyagi, 2010) . Thus, genotypic correlations are intrinsically more useful than phenotypic correlations in deciding selection strategies. However, to better understand the interrelationships between traits, a path analysis was performed and its results are shown in the phenotypic and genotypic coefficient (0.762 and 0.533, respectively), which are higher than the residual effect (0.349 and 0.426, respectively).
Consequently, a greater emphasis should be given to these components during selection to obtain high yields. The residual effect on seed yield per plant was low, showing that the traits under study were sufficient to obtain the effects on grain yield.
The results, therefore, showed that the 
